Abstract-In this paper we propose a novel approach called three feature functions based on Radon transform directly. The corresponding features are defined as the symmetry of the shape, the width of contour, the fullness of the shape. They reveal the information of visual and the inner structures of shape using characteristics of Radon projective space. Theoretical and experimental results verify that the proposed method has strong capability and robustness in handling a variety of shapes and is invariant to rotation.
I. INTRODUCTION
Shape analysis methods have been broadly applied to image retrieval, object recognition, and target detection and computer vision etc [1] . The development of shape descriptors plays deep influence on other application field. An effective shape descriptor has many properties: compact size, robustness to noise and, invariance to rotation, scaling and ability to describe complex objects (Julien Ricard, 2005) [2] . Meanwhile, an essential characteristic of the shape descriptor should be consistent with the human vision system as far as possible. Besides, a good method of extracting shape features should deal with the challenges of compact size and saving time etc. So shape representation and description is still a difficult task.
To the best of my knowledge the existing methods to extract shape mainly include contour based methods and region-based methods. The region-based methods consider the global information of all the pixels within a shape like morphology description (Haralick et al., 1987; Serra, 1988) [3] and shape decomposition (Sanniti di Baja and Thiel, 1994) [4] . As far as I'm concerned, however, the region-based methods can performance more effectively in shape recognize if they combine with contour information of shapes.
An increasing attention has been paid to contour-based shape techniques. The typical method of this category is Fourier descriptors or GFD [5] , which is easy to be implemented and can describe the contour of shape. Similarly WFD technique [6] applied the different wave function and can achieve a particular aim or effect in describing boundary. GART generalized from the ART transform [7] increases the ART efficiency and can describe both connected and disconnected region shapes. Comparing with classification results by the three methods mentioned above, WFD performs better than FD and GART technique [8] . On the other hand, contourbased methods also embody contour flexibility, which represents the deformable potential at each point along a contour, and shape context [9] . The necessary process of these approaches, in most cases, is to find correspondences between point sets, which is timeconsuming and especially is required high calculation accuracy for best matching.
Recently rolling penetrate descriptor is constructed by angle and radius line to obtain the contour [10] , resembles ART approach and combines the advantages of the contour-based and the region-based methods. However it is hard to recognize a complex shape effectively with small number of simple components. Xin. et.al [11] suggest a novel shape contour descriptor called contour points distribution histogram (CPDH) for shape matching and retrieval. The new descriptor not only conforms to the human visual perception but also possess low computational complexity. However, it is often difficult to correlate with local features and has the shortcomings of distribution histogram.
These methods based on moments are yet one of contour-based methods. Though these methods based on moments are mathematically concise, it is difficult to correlate them with shape features in high order moments (Loncaeic, 1998) [12] . Additionally, these methods are often difficult to accord with local features and human visual perception (Yun Wen,2009) [10] . In order to increase efficiency of moments's methods, recently Radon transform is utilized to describe shapes by other transforms such as Fourier transform, Mellin transform, or complex moment (Thai V et al,2012; Xiao et al,2012; zhu et al, 2010) [13] [14] [15] . According to peer's research work Radon transform can be treated as an indirect way to construct translation, scaling and rotation invariance in virtue of its good properties relevant to rotation and scaling. So in this paper three kinds of feature functions are defined directly based on Radon transform, which can investigate more properties of Radon transform for shape representation directly and avoid utilizing other transformations.
The organization of this paper is as follows. In Section 2, we briefly review the definition of Radon transform firstly, and then three feature functions are defined using Radon projective function. In Section 3, the comparative experiments of the proposed approach with Hu moment invariants, complex moment invariants and Chong's method in terms of noise robustness and image retrieval precision. Section 4 concludes this paper.
II. RADON TRANSFORM

A. Radon Transform
The Radon transform of an image function ) , ( y x f is defined by [16] 
where t is the upright distance of a line from the origin, θ is the angle vector formed by the distance vector, and
is the Diract delta-function. The process of Radon transform is illustrated in Fig. 1 .
B. Three Feature Functions of Radon Transform
The projective matrix by Radon transform can reflect the geometrical information of the shape. In this paper, in order to effectively describe shapes three kinds of feature functions are defined by the projective matrix directly. This approach is easy to calculate and effective in shape recognize.
The definitions of the features are as follows: 
where s l ， t l respectively denotes the min and max index value of not zero value of ) , , the results of computing the symmetry are shown in Fig. 2. Fig. 2 illustrates the total number of symmetry is in full accord with symmetry of the shapes. 
The value of the equation (6) can be understood as the ratio of the overall part to the thickness of the shape on the scan line at θ angle after radon transform. The larger the value is, the plumper the shape is in that direction.
C. Similarity Measures of Different Shapes
In order to obtain rotation invariance the Fourier transform is employed to construct the invariance in this process. The Fourier transform is defined as After Fourier transform of last two feature functions mentioned above are conducted, the experimental results are demonstrated in Fig. 3 .
In Fig. 3 , the second column is the last two feature function curves of the samples. And the third column is the magnitudes of feature function curves after Fourier transform. From these figures it can be seen that the magnitudes of width and fullness feature functions after Fourier transform are invariant to rotation.
III. EXPERIMENTAL RESULTS AND DISCUSSIONS
In this section two experiments are conducted to evaluate the performance of proposed descriptors. The simulation environment is designed with Matlab language. The feature descriptors are defined by:
Where S is the vector of symmetry of shape defined by Eq.4, width F _ and full F _ is respectively the Fourier transform of the width function and fullness function defined by Eq.5 and Eq.6 respectively.
A. Experiment 1
This experiment is intended to test the performance of proposed invariants introduced in the previous section for images retrieval by comparison the Hu moment, complex moments invariants (CMI) presented in [17] , chong's method presented in [18] in shape216.
The test database is the set of 216 shapes from the Shapes216 dataset as shown in Fig. 4 . This dataset is composed of 18 shape categories with 12 samples per category, and each of these cannot be obtained by RST transforming any other shape from the same category. In order to test the robustness of the algorithms, four noisy datasets are generated from shape216 and Kimia-99 respectively added "salt & pepper" and "Gaussian" noise with noise density= 2 . 0 , , 01 . 0 L with 02 . 0 increment. The retrieval results of our proposed descriptor in shape216 and its two noisy datasets are shown as Fig. 5 . From the figures, it can seen that the average retrieval accuracy of proposed algorithm is obviously higher than those of the conventional ones, which implies that our proposed feature has the capability of describing different shapes of different objects. It also can be observed that our proposed algorithm is more robust to "Gaussian" noise and "salt & pepper" noise than others, while Hu moment method have more resistance to noise than CMI and Chong's descriptors in these databases.
B. Experiment 2
In order to test the rotation invariance of proposed algorithm a rotation shape dataset is generated by choosing 12 sample images from MPEG7 as shown in Fig. 6 . Each image of the database is transformed by rotating by 12 arbitrary angles 230 50 , 30 , 10 L = φ with 20 degree increment. As a result the second dataset consists of 144 images. This section is intended to test the rotation invariance of proposed descriptor introduced in the previous section for images retrieval by comparison the Hu moment, chong's method presented in [8] , Zernike moments, Fourier descriptor, shape context presented in [9] , Curvature Scale Space (CSS) presented in [19] in the rotation shape dataset.
The retrieval results are shown as Fig. 7 . From the figures, we can observe the average retrieval accuracy of proposed algorithm is obviously higher than those of the conventional ones. The precision-recall curve almost achieves the ideal status, which demonstrates that the proposed feature is obviously invariant to rotation and has the best invariant property.
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IV. CONCLUSION
In this paper, we proposed a method to define three kinds of feature functions using Radon projective transforms. The numerical experiments show that our method consistently performs better in terms of images retrieval in free noisy datasets and noisy datasets. The feature descriptor extracting with proposed moments can describe effectively the shapes and invariant to rotation.
Moreover the advantages of the proposed method can exert high efficiency for content-based image retrieval and can be expanded to other application fields in future. Figure 7 . The precision-recall curves in rotation data set.
